Introduction
Hemophilia A is an X-linked recessive inherited bleeding disorder characterized by the deficiency of clotting factor VIII (FVIII). In the severe form of hemophilia, there is a high risk of spontaneous bleeding in joints, muscles, or soft tissues. 1 Patients with severe hemophilia A are known to benefit from prophylactic treatment, 2 and most patients administer intravenous FVIII twice or thrice a week to prevent spontaneous bleeding. The remainder of the patients treat on-demand, which means that they administer FVIII only to stop bleeding. 3, 4 Benefits of adherence to prophylaxis among patients with severe hemophilia have been well demonstrated. 3 However, treatment practice varies greatly between countries, and access to hemophilia care is still not uniform worldwide. 5, 6 FVIII is administered by an intravenous injection, usually by the patient or by their caregivers. Prior to the injection, the FVIII concentrate, which is a lyophilized powder, must be reconstituted by mixing it with a diluent in multiple steps. Manufacturers recommend storing FVIII in a refrigerator and reconstituting the product at room temperature. However, most FVIII products can be stored at room temperature, with a limited shelf-life ranging from 3 to 12 months depending on the brand.
A review of the available literature regarding clinical trials evaluating the efficacy of FVIII and factor IX products or bypassing agents demonstrated an overall improvement in health-related quality of life with prophylactic treatment in hemophilia. 7 However, the inconvenience of reconstituting and administering FVIII injections may have a negative impact on the daily life of the patient, thus creating a barrier to patient adherence to medication. 8, 9 Furthermore, storing the FVIII concentrate in the refrigerator is an additional inconvenience. Although most FVIII products remain stable at room temperature up to 25°C for a limited time, patients may worry about its stability when traveling and interrupting the cool chain. Carrying all items required for reconstitution and limited space in the refrigerator create additional inconveniences on trips. As patients with hemophilia have become more mobile, in line with our increasingly mobile society, 10 it is reasonable to assume that the flexibility of storing FVIII concentrates without refrigeration might be an important patient requirement to be addressed. 11 A recent study in a different therapeutic area, growth hormone therapy, showed that patients prefer a storage-flexible product when they have the choice, and that growth hormone products that are stable at room temperature are associated with shorter injection times, greater patient adherence to medication, less wastage, and fewer restrictions of daily activities due to difficulties with injections. 12 Recent studies on patients with hemophilia A investigated frequency of administration, type of reconstitution device, out-of-pocket costs, treatment side effects, efficacy (annual bleeding rate), diluent volume, number of vials per infusion, and experience of manufacturer as criteria for patients' preference. 8, [13] [14] [15] It can be summarized from these studies that efficacy (annual bleeding rate in prophylactic treatment) and frequency of administration (2-3×/week vs 1×/week vs 1×/2 weeks) had a high impact on patients' treatment preference. However, the aforementioned studies evaluating patient preferences in hemophilia A have not investigated the importance of storage flexibility (ie, the possibility of storage with or without refrigeration) to the same extent as other product features.
Thus, the following were the aims of this study: first, to provide reliable patient insights on real-life use of FVIII products and to find the association between FVIII storage conditions, daily life activities, satisfaction with treatment, and unmet needs. Second, to investigate the relative importance of storage flexibility compared with other product features.
Methods
This study was conducted in seven countries in three regions -Europe (France, Italy, and UK), Latin America (Argentina, Brazil, and Mexico), and Japan -through a structured questionnaire that took ~30 min to complete. Individual interviews were conducted face-to-face using computerassisted personal interviewing in all countries except Japan, where data were collected via a web-based survey.
The questionnaire comprised five sections: current use of FVIII products, satisfaction with current treatment, unmet needs, product preference, and demographics. In all but the product preference section, patients were tasked with responding to a mixture of simple closed questions, rating scales, and open-ended questions.
The product preference section was more complex and designed to investigate the importance of individual product attributes in relation to product choice. Conjoint analysis, a 
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impact of storage conditions on patient's choice of hemophilia treatment well-established method that provides in-depth understanding of which product attributes are valued most highly by respondents and which are most likely to drive product choice was chosen for this study.
Patients were presented with scenarios showing hypothetical product profiles covering six attributes (origin of FVIII, storage flexibility [temperature], storage flexibility [shelf life], reconstitution device, stability out of refrigerator after mixing, and frequency of administration in prophylaxis) for three different FVIII products. Patients were asked to indicate which of the three products they preferred. Based on the observed likelihood of choosing a product with a given attribute level, for each attribute and level, its value (utility score) was calculated. Table 1 shows the six product attributes and their levels used in defining FVIII products.
In all, 16 randomized scenarios were presented to each patient. Table 2 shows one of these randomly generated scenarios describing three products in one of the choice tasks. Patients were told to assume that all three products were identical to each other and to their current FVIII product in terms of efficacy and safety.
Based on the product selected in each scenario, the contribution of each attribute to product choice was measured. For each attribute, the contribution was the part-worth associated to the level describing the products in the conjoint scenarios.
Part-worth utilities measure how valuable each attribute level is (eg, 2×/week administration) relative to the other levels (eg, 3×/week administration). The primary outcome of conjoint analysis is the estimation of the part-worth utilities associated to each level of each attribute describing the products in the conjoint design.
Four pilot interviews were conducted in London, UK, in an interviewing facility to verify that all questions were easily understood. Thereafter, all remaining face-to-face interviews in Europe and Latin America were conducted at a location chosen by the individual patient (average interview duration: 30 min).
Before initiating recruitment and interviewing patients, the design and the methodology were submitted to the institutional review board (IRB) of the Freiburger EthikKommission. After reviewing the study protocol, the IRB granted approval on May 9, 2016.
statistical analysis
Descriptive statistics were used to summarize responses to the individual questions. Subgroup comparisons (eg, differences between patient subgroups) were analyzed with a chi-square test for nominal data or two-independent samples t-tests to compare means of a normally distributed, interval-dependent variable for two independent groups. (1) needs to be stored in the refrigerator at 2°c-8°c (~10 min until it reaches room temperature before you can inject it) (2) can be stored anywhere outside the refrigerator at 25°c (3) can be stored anywhere outside the refrigerator at 30°c (4) can be stored anywhere outside the refrigerator at 40°c
Storage flexibility (shelf life): Maximum storage time at this temperature out of the refrigerator a (1) can be stored for 3 months (2) can be stored for 6 months (3) can be stored for 9 months (4) can be stored for 12 months reconstitution device (mixing FViii powder with solvent)
(1) Mix FVIII in a prefilled syringe with both powder and solvent enclosed in separate chambers of the same syringe (2) Mix FVIII powder with a solvent in a prefilled syringe. The syringe is connected with the vial containing FViii (3) Mix FViii with two connected vials. One vial contains FViii powder, and the other contains solvent.
Then put the mixed factor into a syringe connected with the vials stability out of refrigerator after mixing (in case of unexpected interruptions) Eligible patients were between 18 and 75 years of age, diagnosed with moderate or severe hemophilia A by a physician, and currently using a FVIII product.
Patients were recruited locally by health care professionals treating hemophilia A (77 patients), through existing patient contacts available at local health research agencies conducting interviews in hemophilia A (79 patients) and through local patient associations (44 patients). Patients provided written, informed consent before participating in the study. Interviews were conducted either at the patient's home (111 patients), at a central facility such as the office of the local research agency (69 patients), or via the internet (20 patients, in Japan only).
characteristics of the study population
Demographic characteristics
There was a broad representation of age groups among the patients; 34% were in the age group of 18-30 years, 22% were in the age group of 31-40 years, and 25% were in the age group of 41-50 years, and rest of the patients were in the age group of 51-75 years. The average age was 38 years. Over half of the patients (57%) had attended either secondary school or high school; over one-third of the patients (39%) had entered university. Most of the patients (68%) were working with one-third of the total sample involved in "office work".
clinical characteristics
Most of the 200 patients (71%) had a diagnosis of severe hemophilia A. Just over half of the patients (51%) had received their diagnosis at or shortly after birth, and a further 33% of the patients received their diagnosis between the ages of 1 and 2 years, resulting in an average age of diagnosis of 1.4 years.
FViii treatment characteristics
About one-quarter (26%) of the patients had been using their current FVIII product for 11 years. Overall, the average length of time for current FVIII product use was just 8 years. Overall, twice as many patients were being treated with recombinant FVIII products compared with plasma-derived FVIII products (67% vs 33%, respectively). In Europe, significantly more patients used recombinant FVIII products (93%) compared with Latin America (40%; p0.001); the proportion of patients using recombinant products in Japan was 70%. Prophylactic treatment was more common than on-demand treatment (74% vs 27%, respectively). The frequency of injection differed markedly between the 
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impact of storage conditions on patient's choice of hemophilia treatment two groups; patients using FVIII products prophylactically complied reasonably well with the thrice weekly dosage recommendation, injecting on an average of 2.7 times per week. On-demand users injected much less frequently, just over twice a month on an average.
Travel behavior
Patients in the study tended to travel reasonably frequently, but mostly for short periods. On an average, they traveled 10.4 times per year, staying away from home for 1 night. "A weekend/one or two nights away" occurred on average 6.4 times a year. In contrast, patients were much less likely to travel away from home for longer periods (2.7×/year for 2 days, 1 week at a time; 1.3×/year for 1 week at a time).
leisure activities
Seventy-six percent of the patients with hemophilia A were found to be actively engaged in physical activities, of which walking was the most common (46%). Swimming was also a popular activity (42%), followed by gymnastics (18%) and jogging (14%). All patients took part in social activities, especially meeting friends and visiting the cinema.
Results

Usage and administration of current FViii products
Patients using prophylactic treatment (74% of the sample) stated that most injections (88%) were administered at home. While 19% of the patients on prophylaxis treatment did not have a specific time of day for the administration of an injection, 26% of the patients claimed to administer it "when they get up" and 26% "between breakfast and noon". The remainder of the patients injected "in the evening" or "before going to bed". Users of prophylactic treatment broadly complied with the most often recommended treatment regimen of three injections per week; over half of the patients (56%) fully complied, and a small percentage (8%) injected four times or more per week. However, almost one-third of the patients (29%) injected only twice per week, giving an overall average of 2.7 injections per week.
A high percentage (85%) of patients stored their FVIII product in the refrigerator, whereas the remainder of the patients stored it at room temperature. Just under two-thirds (130 of 200) of the patients stored their FVIII product in their refrigerator alongside groceries, whereas about one-fifth of the patients stored it in a refrigerator dedicated to medicines. This latter approach was most common in Latin America, where 28% of the patients used dedicated refrigerators for storage compared with 20% in Japan and 13% in Europe.
There were regional and local differences with regard to "storage outside the refrigerator at room temperature" (Table 3 ). For instance, while 52% of the patients sampled in the UK stored the product outside the refrigerator, none of the patients surveyed in Latin America or Italy adopted this practice. No statistically significant differences were observed in any other demographic factors between patients who stored their FVIII product inside or outside the refrigerator.
Patients storing FViii in the refrigerator
Most of the patients (88%) who stored FVIII in the refrigerator believed that FVIII products must be stored "in the fridge at all times". Of the remaining 12% of the patients who did not believe this, the majority (76%) believed that the maximum time a FVIII product could be stored outside the refrigerator was around 1-3 months; only 5% believed that a FVIII product could be stored outside the refrigerator for 7-12 months.
Frequency of travel was closely associated with storage behavior. Patients storing FVIII mainly outside the refrigerator traveled on an average 16 times per year, which is significantly higher than the travel frequency of patients who stored FVIII mainly in the refrigerator (9 travels per year; p0.01; t-test). Most of the patients who normally stored their FVIII product in the refrigerator at home continued to keep it cool when staying at a hotel (93%) or when away from home for leisure activities (76%). Likewise, 92% of the patients who stored their FVIII product at room temperature at home continued to do so while traveling.
Storage temperature was a concern for many patients in the subgroup of 169 patients who mainly stored their FVIII product in the refrigerator. Of these patients, 79% reported worrying at least sometimes (~17 times per year) about the 
001).
Nearly two-thirds of the patients (62%) felt that an injection of a cold FVIII product was more unpleasant than if it was at room temperature, and 74% of the patients "wait for their FVIII product to reach room temperature before injecting it", with an average waiting time of 10 min. For these patients, storing FVIII in the refrigerator increased time of preparation. Patients who stored FVIII in the refrigerator reported an average time of 23 min for the preparation process, which included mixing FVIII with solvent, injection, and cleaning up. By comparison, patients storing FVIII at room temperature prepared their dose in around half the time (~12 min).
Although one-third (33%) of the patients considered the process of storing, preparing, and mixing the FVIII product disruptive to their daily routine, nearly half of them (46%) said it caused little or no disruption. However, patients who stored their FVIII product outside the refrigerator were much less likely to be affected by the process of storing, preparing, and mixing the product; nearly two-thirds of the patients (61%) said they experienced little or no disruption compared with 43% of the patients who refrigerated the product and reported no disruption (p0.05).
Patients were asked to select from a list of 14 emotional attributes describing how they felt when using their FVIII product in daily life. "Relaxed" was the only attribute showing a significant difference (p0.05) between patients who stored the product inside or outside the refrigerator (20% and 48%, for storage in the refrigerator and storage at room temperature, respectively).
satisfaction with taking FViii products
Patients were asked to indicate their overall level of satisfaction by taking a FVIII product and with several features associated with their current product on a 5-point scale (1 [not at all satisfied] to 5 [extremely satisfied]).
Overall, one-third (32%) of the patients reported being highly satisfied (very/extremely) with their FVIII product, and 17% were found to be dissatisfied (Table 4) . Highest satisfaction levels were achieved for "efficacy/prevention 
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impact of storage conditions on patient's choice of hemophilia treatment of bleeding" (46%), followed by "no skin reaction at the injection site" (41%). Satisfaction dropped considerably for other features: 30% were highly satisfied with "storing the FVIII product at home" and 25% with "procedure of mixing the product before injection". For several features (ie, "storage temperature", "length of time the product is stable outside the fridge", and "time for product to reach room temperature"), 20% of the patients were highly satisfied. "Frequency of administration" and "taking all items needed for FVIII treatment with me when I am traveling" were also concerns for most of the patients.
Overall satisfaction was found to be significantly higher among patients who stored their FVIII product at room temperature compared with those who stored it in the refrigerator ( Table 4 ). Storage had a significant effect on satisfaction levels for specific features of FVIII treatment related to flexibility. For example, significant differences in patient groups were observed for "flexibility of storing FVIII outside or in the fridge depending on my personal needs", "length of time the product can be stored outside the fridge", "storage temperature", "length of time the product is stable outside the fridge after mixing", and "storing the FVIII product with me when I am away from home". In addition, patients storing FVIII outside the refrigerator were more often satisfied with efficacy compared with those who stored it in the refrigerator.
restrictions on daily life
Patients were asked to rate their current FVIII product in terms of restriction of activities, using a scale of 1="not restricted at all" and 4="strongly restricted" ( Table 5) .
Most of the patients (76%) stated that their participation in sports was restricted to some extent and 23% found it "strongly restricted" (Table 5 ). Traveling away from home for 1 week was also likely to be restricted, as was traveling in hot countries, short trips, and any airline travel. Morning and evening routines were also affected, although to a lesser extent. In addition, patients who usually stored FVIII product in their refrigerator more frequently reported restrictions compared with those who stored it at room temperature.
Desired improvements to FViii products/ unmet needs
An open-ended question invited all patients to describe two improvements to their FVIII product that would make their life with hemophilia easier. The most commonly desired improvements were "reduced frequency of administration" (53%), "improved mode of administration" (47%), and "easier storage" (33%).
"Reduced frequency of administration" was particularly relevant to prophylactic users of FVIII products: 61% of them had mentioned it, compared with 30% of on-demand users.
conjoint analysis: relative impact of attributes on product choice
Overall, "origin of FVIII" had the highest impact on product choice (Figure 1 ), followed by "storage flexibility (temperature)" and "reconstitution device". "Frequency of administration in prophylaxis", "storage flexibility (shelf life)", and "stability out of fridge after mixing" had less of an impact on preference. Three aspects of storage flexibility (ie, storage temperature, shelf life when FVIII is stored out of fridge, and stability out of fridge after mixing) had different impacts on product choice, with storage temperature (2°C-8°C vs 25°C vs 30°C vs 40°C) having the greatest effect (Figure 2 ). The contribution of individual attributes to product choice depended on the use of FVIII product. For instance, although "frequency of administration in prophylaxis" had an impact of only 17%, the difference between twice or thrice weekly administration in prophylaxis was slightly more important to those patients who currently use FVIII for prophylaxis (19% impact on preference).
It is important to note that, due to insufficient data, options in dosage frequency excluded once-weekly administration, which presumably would have been more of a driver of choice than either twice or thrice per week. The reason for its exclusion was that, at the time of the study, there were insufficient clinical trial data to demonstrate that once-weekly prophylaxis with FVIII has the same efficacy as administration of twice or thrice per week. 16 
Discussion
This study investigated the use of FVIII products by patients and assessed the impact of various product features on product choice, specifically the importance of storage flexibility of FVIII products in daily life.
Challenges of prophylactic personalized treatments, 17 including frequency of infusions needed to maintain factor levels 1%, patient adherence to medication, physical activity, reliable intravenous access, and quality of life, have been identified in recent years. 18 Results from this study, particularly those on patient satisfaction and unmet needs, indicate that most patients with hemophilia A are satisfied with efficacy and safety. However, 40% of the patients were not satisfied with administration frequency and 40% of the patients were dissatisfied with various aspects of storage.
Travel behavior and leisure activities clearly support the conclusion that patients with hemophilia A are part of an active and mobile society, and when away from home they have to carry items needed for reconstitution and administration of the product. This was substantiated by the finding that a considerably high proportion of patients were dissatisfied with several aspects of storing FVIII in a refrigerator.
Most of the patients stored FVIII in the refrigerator at home, and believed that it should always be stored in this way. This finding strongly suggests that patients are unaware that FVIII may be safely stored outside the refrigerator at room temperature (usually up to 25°C) for a limited number of months. The lack of awareness regarding storage temperature was recently demonstrated in another study, where only 13% of the patients with hemophilia knew the storage temperature. 19 A subgroup analysis showed several differences between the two groups of patients (storing vs not storing FVIII in the refrigerator). Compared with those patients who stored their FVIII product in the refrigerator, a significantly greater percentage who stored it outside the refrigerator were highly satisfied both overall and when traveling. Furthermore, they 
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impact of storage conditions on patient's choice of hemophilia treatment none of the patients in the sample stored their FVIII product outside the refrigerator, which may have been related to climatic factors. It is also possible that Latin American patients had a lower socioeconomic status that is reflected by a lower travel frequency, suggesting that their satisfaction with travel-related aspects could be a demographic artifact. However, between Latin American patients and patients living in Europe/Japan, the travel frequency did not differ significantly regarding average number of travels per year (Latin America: 10.3 travels; Europe/Japan: 10.5 travels). Nevertheless, the subgroup of patients (n=31) storing FVIII at room temperature was too small to draw firm conclusions and further studies are required to investigate the impact of storage on patient satisfaction and preference.
Results from the conjoint analysis, in which all 200 patients were asked to select their preferred product attributes, showed that the most powerful driver of product choice was "origin traveled more frequently; spent less time to prepare and mix FVIII; and found storage, preparation, and mixing their FVIII to be less disruptive.
However, these observed associations may not be truly linked to causality. For example, frequent traveling could be the reason for storing FVIII product at room temperature. The same applies to other associations observed in this study such as that of a high restriction of sports activities in the group of patients who stored FVIII in their refrigerator. These associations could have been caused by other "hidden" variables, such as age, education, socioeconomic status, or anxiety levels regarding the use of FVIII. Indeed, "relaxed" was the only emotional attribute distinguishing both patient groups.
Interestingly, region/country of origin and travel frequency were the only demographic variables to show a significant difference between patients who stored the product inside or outside the refrigerator. In Latin America, 
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Tischer et al of FVIII". Importantly, patients had a preference for recombinant products. Nowadays, recombinant coagulation FVIII products are considered safer than plasma-derived FVIII in terms of transmission of blood-borne pathogens. 20, 21 Interestingly, although most of the patients (85%) stored their FVIII product in the refrigerator, the second strongest driver of product choice was "storage flexibility (temperature)". This contradiction in findings may be explained by the fact that most patients were unaware that current FVIII products can be stored safely outside the refrigerator.
Genetic engineering of new recombinant products aims to improve some specific therapeutic aspects, such as immunogenicity, neoantigenicity, and stability, and overcome limitations of the manufacturing process. 22 From a physician's perspective, the clinical use of new drugs should encompass several variables, including, if possible, a convenient product administration. 23 In the current survey, "frequency of administration in prophylaxis" was much less of a driver of choice than may have been expected from previous studies. 13, 15 Nevertheless, the overall results from this study support the premise that patients prefer to have fewer injections without compromising efficacy.
Conclusion
This study provides clear evidence that most of the patients with hemophilia A were unaware that currently available FVIII products can be stored safely outside the refrigerator. If the result is representative of the worldwide hemophilia A population, then it is reasonable to conclude that current storage practices are not aligned with those of modern FVIII products, which can be stored safely outside the refrigerator, but at specified temperatures and with limited shelf life. When patients were informed of this possibility, storage of FVIII products outside the refrigerator was found to be the second highest driver of product choice if product efficacy, safety, and administration frequency were maintained.
From a physician's perspective, adherence to treatment is essential for an accurate clinical evaluation of breakthrough bleeding during prophylaxis. [24] [25] [26] Therefore, behavioral techniques need to be implemented, with better communication from health care providers to explain product storage. 27 
